ABSTRACT. Τ Tauri stars have long been known to undergo irregular variations in brightness. Extended monitoring of these pre-main-sequence, solar-type stars is important to understanding the sources of variations. Using an automated telescope at Leuschner Observatory, we have developed a procedure to acquire differential photometry of classical Τ Tau stars in Taurus and Auriga. It is almost fully automatic, dramatically reducing the time necessary to process the data. We achieved accuracy of 0.02 mag in eight fields containing target stars down to 13th magnitude. Although most of the Τ Tau stars did vary, we find possible, but not definitive, periods for several targets. The variations in general are complex, but often are correlated over a few days.
INTRODUCTION
Very young solar-type stars-Τ Tauri stars-have long been known to demonstrate irregular luminosity variations with amplitudes ranging from less than a tenth of a magnitude to several magnitudes in the most extreme cases. The time scales range from as short as 15 min to decades. Because rather large changes (involving major fractions of the stellar luminosity) can occur within a day, and the emission lines (which show effects of both accretion and outflow) undergo very major changes on similar time scales, a good case can be made that the irregular variability arises in large part from unsteady accretion onto the star from its surrounding disk. Thus the paradigm of a circumstellar accretion disk, which explains classical Τ Tau star (CTTS) phenomenon such as infrared and ultraviolet excesses, optical veiling, and the defining strong emission lines, would account for the variability as well.
At times, Τ Tau stars show photometric evidence for periodicities or preferred cycle lengths of several days. These periodic luminosity variations are interpreted as one or more starspots crossing the stellar disk as the star rotates , and references therein). Originally, spots on pre-main-sequence stars were found only on a few low-emission stars (Rydgren and Vrba 1983; . These spots were consistent with cooler photospheric regions similar to sunspots and spots seen on active late-type stars. Cool spots are thought to arise from strong magnetic fields which inhibit energy transport in the convective region below the photosphere, resulting in a decrease in luminosity at the stellar surface. More recently, DF Tau, A A Tau, and BP Tau (classical Τ Tau stars with moderate to strong emission characteristics) were found to have periodic light curves consistent with hot spots rather than cool spots (Bertout et al. 1988; Vrba et al. 1989; Simon et al. 1990, respectively) . Bertout et al. (1988) suggested hot spots result from accretion flowing along magnetic flux tubes. The accreting material releases energy in shocks close to the stellar photosphere. If one active region with a large magnetic field dominates the stellar surface, the accretion could be limited to a single spot.
When starspots are identified as the primary source of variability, information regarding stellar rotation, amount of the stellar surface covered by starspots, and the lifetime and evolution of spots can be found. To detect strictly periodic behavior, it is necessary to have coverage of only two full cycles. To search for transitions between periodic and aperiodic cycles (e.g., BP Tau has shown aperiodic and periodic behavior), much more extended coverage is necessary. Existing photometric campaigns are limited by the requisite telescope time and the long hours spent reducing the data. Automated photometry will eventually obtain the coverage necessary to chronicle and classify the range of variations seen in classical Τ Tau stars.
In this paper, we present a system to obtain differential magnitudes for Τ Tau stars (or any comparable variable star) using the automated telescope and CCD camera at Leuschner Observatory. The images were analyzed using mostly existing software in a primarily noninteractive fashion. Thus we can now monitor changes in variable stars over longer periods of time and with much less human involvement than previously possible. The real benefit of this program will be demonstrated in the long term as we are now able to follow targets during an entire season.
The purpose of this paper is primarily to describe our procedure and discuss the results from our observations of Taurus in 1990. In Sec. 2 we describe the observations and reduction procedure in greater detail. Section 3 presents our results. A discussion of the results is in Sec. 4, along with conclusions at the end.
OBSERVATIONS AND REDUCTION PROCESS
The observations were taken using the 30-in. telescope at Leuschner Observatory. This small telescope equipped with a 320X512 RCA CCD detector is adequate for the reasonably bright (typically about 12th-magnitude) Τ Tau stars. Perlmutter et al. (1988) describe the telescope facilities and the automated observatory system developed by the Berkeley Supernova Search Team to allow unattended observing. Differential aperture photometry eliminates the need for photometric weather and separate standard star observations, thus simplifying the observing process.
For each field we took three images in succession with integration times of about 1 min. The short integration times prevent the targets and the brightest background stars, which enhance the accuracy of differential measurements because of their high signal-to-noise ratio, from saturating the CCD. Multiple exposures improve the signalto-noise ratio for fainter stars and allow determination of observational errors by comparing subsequent images.
Since other stars in the image set the standard against which we compare the target, we made certain our fields have at least five background stars. With Τ Tau stars located in dark clouds where background stars are often limited, it was helpful the telescope is equipped with a focal reducing lens yielding a large field of view (about 10 by 16 arcmin). To maximize the number of background stars and the number of separate targets we could monitor while keeping telescope time to a minimum, we chose to observe without a filter. Even with these efforts to ensure adequate comparison stars, certain targets are inappropriate because the target star is much brighter than the majority of other stars in the image. A CCD with a larger dynamic range would allow a wider selection of stars.
Our fields for the Taurus-Auriga cloud include A A Tau, BP Tau, DF Tau, DG Tau, DK Tau, DR Tau, DQ Tau, GG Tau, RW Aurigae, and Haro 6-37. DR Tau, DQ Tau, and Haro 6-37 are all in the same field. We chose the targets because they are 13th magnitude or brighter, have sufficient background stars, and are known to have large Ha equivalent widths or varying Ha line profiles. We obtained images of ten target stars on about 20 nights from 1990 November 6 to December 10. The total nightly observing time of about 45 min was allotted from the Berkeley Supernova Search Team telescope time and was incorporated into the automated observing scheme. Nights without data are due to weather, the moon, and equipment problems.
Taking the raw CCD images and producing differential aperture magnitudes is preformed by the computer with interactive checks. The data are processed mainly with existing data reduction packages, like vista (Stover 1988) and DAOPHOT (Stetson 1987) , placed within a VAX command program structure. Upon receiving the raw CCD images, the first task is to flatfield and subtract the read noise. A median flatfield image is constructed from at least six images of fields containing fewer than ten stars. These images are target fields with few background stars or mostly starless regions imaged expressly for constructing the flatfield. The median flatfield proved to be more efficient and appropriate within the confines of our system than domeflats or twilight flats. On occasion it is necessary, after examining the reduced images, to inspect the median flatfield and either reconstruct a flatfield omitting flawed images or use a flatfield from a previous night. This entire step in the reduction process is done using vista.
To find aperture magnitudes from the reduced images, we use the DAOPHOT reduction package originally designed for interactive aperture photometry in crowded fields. To adapt this package to run from a command file, we fix values usually defined interactively, daophot finds the centroid of all features above a user-defined level. By setting this level extremely low, we are assured of daophot finding all stars in the field along with many false detections. The false detections are eliminated as described below. Within daophot are iterative routines to obtain the point spread function (PSF) of bright stars and remove their contribution from the image allowing reliable photometric results for faint stars as well as bright stars. After a series of experiments, we determined the accuracy of the differential photometry in our uncrowded fields does not suffer from omission of the PSF routines saving extensive interactive work on each image.
In DAOPHOT, aperture magnitudes are calculated from the number of counts above sky brightness within a circular aperture encompassing the star. Sky brightness is the modal value of an annulus centered about the star. The user specifies the aperture radius and the annulus inner and outer radii. We selected an aperture radius of 3 pixels, equal to the full width at half-maximum of a typical star through the focal reducing lens on the 30-in. telescope. This reduces noise, especially on the fainter stars, by concentrating on that part of the star where the signal is strongest. Since all stars are equally affected by seeing, fixing the aperture radius does not adversely effect our differential photometry results. We chose 8 and 15 pixels, respectively, for the sky annulus inner and outer radii, far enough from the star being measured to avoid contamination. Because daophot uses the mode of the pixels within the sky annulus as the sky value, neighboring stars do not have an effect on the sky background.
Another set of routines manipulates the resulting aperture magnitudes to produce a constant standard defined by background stars on the CCD image. If for any reason an aperture magnitude is not available for a particular star on a particular image, that star is dropped from the standard totally. Factors which can cause a star to be dropped include: clouds eliminating faint stars, telescope pointing errors eliminating stars near the edge of the chip, or saturation eliminating bright stars. For the most part, we have three images on every night which has usable data. For each target, the output of our reduction process is a twodimensional array of image by aperture magnitude of each star present on all images.
The reduction procedure is not totally automatic. We visually inspect images from each night to note any unusual aspects. Although this is not necessary, it requires minimal time (a few minutes a day) and gives a sense of the images. A single image of each field was reduced interactively to determine offsets to all the true stars in the field from a bright, isolated star which will be unambiguously identified by the automated routines. These offsets are used to identify the true stars in automatically reduced images and eliminate false detections. This step can be automated (as we have recently done) by keeping a history of all detected "stars" and removing those which do not reliably appear in most of the data. Aside from these checks, the reduction is done with great ease by computer.
RESULTS
With a record of all stars common to a particular field, it is possible to determine which, if any, of the stars undergo variations in differential magnitude. The differential magnitude is defined to be the difference between the aperture magnitude determined using the reduction process described above and a standard magnitude set from the image. As a star becomes brighter, the differential magnitude will decrease. We choose the standard magnitude of an image to be the mean aperture magnitude of the nonvariable stars. To assure the standard contributes as little as possible to the errors, as many nonvariable stars as feasible should be included in the standard. This must be balanced with the realization that faint stars have intrinsically more noise. By summing images, the noise associated with faint stars is reduced. Furthermore, particularly faint, noisy stars are removed from the standard as described below. Choosing the mean aperture magnitude weights faint and bright stars equally. This prevents a single bright background star from dominating the standard over several stars which are three or more magnitudes fainter, as we found to be the case when the mean number of counts is adopted as the standard. Initially, all stars are assumed to be nonvariable. Since this is true for most stars, we determine a standard sufficiently well to identify variable stars and stars so faint that noise significantly effects their aperture magnitudes. Removing such stars from the calculation of the mean magnitude leaves a standard magnitude derived from at least five, and typically ten or more, nonvariable stars with reliable aperture magnitude measurements.
To test for variability we calculate the standard deviation of each star's differential magnitudes during the observation period (hereafter referred to as σ^). Ideally, a dm for a nonvariable star would be zero because there would be no variations from the standard. In practice, the nonvariable stars have similar, low σ^, but a dm increases for fainter stars because the uncertainties in determining the differential magnitudes are greater for such stars. Variable stars have much larger G dm than stars of comparable magnitude in the same field. Although a dm does not provide information on the nature of variations, it functions as the primary indicator of variability. Assumed constant stars showing a larger than normal a dm , indicating variability, are removed from the calculation of the standard, assuring the standard contains only nonvariable stars. Consequently, the errors contributed by the standard are small compared to the errors associated with individual stars. shows a dm for all the background stars from most fields, indicating our error for a star of a given magnitude. The field with DR Tau, DQ Tau, and Haro 6-37 is excluded because it contains only five background stars and, consequently, the standard is not as well determined. The aperture magnitudes have been normalized to 1-min integrations.
Tau agrees with m v as given in Herbig and Bell ( 1988) . BP Tau (labeled) has the largest value of a dm in the field, indicating its variability. A second star (aperture magnitude ^ 13.1, σ^=0.06) is also seen to vary, but at a lower level than BP Tau. The coordinates, accurate to within 2" relative to BP Tau, are a=4 h 19 m 18 s and = +28°59'52" (J2000). We could not find this star in the Variable Star Catalog or the SIMBAD database. Note the other bright stars lie on a line of nearly constant G dm . Pure photon statistics demand the errors go down with increasing brightness. Since G dm does not decrease beyond 0.02 mag for the brightest stars, we take this to indicate the level at which systematic effects dominate. By combining all images taken on the same night and then calculating the standard and G dm (filled circles), σ άηι for faint stars decreases compared to calculations treating every image separately (open circles). Combining images does not change the systematic errors as demonstrated by the constant level of σ άηι for the brighter stars. The combined images increase a dm for the two variable stars because the standard improves with the higher signal-to-noise ratio.
Figure 1(b) shows a dm for all the background stars used. The aperture magnitudes have been adjusted to agree with Herbig and Bell (1988) and normalized to 1-min in- tegrations. Background stars from the single field containing DR Tau, DQ Tau, and Haro 6-37 are not included in Fig. 1 (b) because this field has only five background stars. Consequently, the standard is not as well-defined as in other images. Figure 1( b) demonstrates the error with a 1-min exposure is 2% for a 13th magnitude star. A higher dynamic range CCD and better optics, along with more careful bias subtraction, should reduce the systematic errors and yield more sensitive results. Multiple exposures not only yield a higher signal-tonoise ratio, but allow internal checking for errors and alleviate the problem of cosmic rays. Recall that avoiding nonlinear CCD response required multiple exposures to achieve good signal for fainter stars. Occasionally a dm for a particular star is higher than expected for a constant star of the same magnitude, suggesting the star is variable or there is an observational problem, such as a cosmic-ray hit, affecting that star. By examining that star's differential magnitudes, a single image is usually found to have a value inconsistent with the differential magnitudes from images taken immediately before or after. A single anomalous image can significantly increase the overall G dm . Since we typically have three exposures taken subsequently on each night, we replace the erroneous differential magnitude by the mean of the other two. Flares would show up in all three images on a given night because the images are taken in <5 min. The bright star with 0.045 in Fig. 1 (b) has a single night where all three images detect an increase in brightness, possibly a flare.
In Table 1 , we list important characteristics, such as the number of nights with at least one image, the number of background stars in the standard, a dm for the target, the mean a dm of the background stars, and the peak-to-peak variations of the target during the observation period. Also listed in Table 1 are a dm as determined from a database of Τ Tau observations and the average number of slope changes (SC) for each star. These two columns are discussed in Sec. 4. Since the targets are among the brightest stars in each field, their a dm , if they were nonvariable, would be less than the mean a dm calculated from all the background stars. As can be seen in Table 1 , nine stars out of ten demonstrate brightness fluctuations: A A Tau, BP Tau, DF Tau, DG Tau, DK Tau, DR Tau, DQ Tau, RW Aur, and Haro 6-37. For GG Tau we do not detect variability significantly above our noise level, consistent with other observations (see Vrba et al. 1989 ). Some of the targets, particularly DK Tau, DR Tau, and DF Tau show very large variation.
In Fig. 2 (a-l) we plot the nightly variations about the mean differential magnitude over the observing period for each target. As a reminder, it is the standard deviation of these points which we call a dm . For the remainder of the paper, we will refer to such plots as a light curve. Fig. 2 (1)-from field with DR Tau, DQ Tau, and Haro 6-37]. The differential magnitude from each image is plotted in Fig. 2 ; the data from the same night have not been combined. We have corrected for problems with single images, such as cosmic-ray events, as described above. Often the agreement between images taken subsequently is so good, multiple points appear as a single point in the figure. This is especially true for Fig. 2(i-l) because the amplitude of the variations is large and the variations between points from the same night are small. In all cases, the standard stars have no variability compared to the Τ Tau stars.
To quantitatively search for rotational modulation, we use the Scargle periodogram analysis (Scargle 1983) to analyze the nine fluctuating CTTS light curves for periodicity. Acceptance of the period determined by the periodogram is made on the basis of the false-alarm probability (Home and Baliunas 1986) . For all the Τ Tau stars, the false-alarm probability of the best-fit periodicity was never better than 0.07, which suggests the period determination is marginal. We find periods for BP Tau, DR Tau, and DF Tau. Table 2 lists the three periodicities we found, the corresponding false-alarm probabilities, and other reported periods from the literature. Also included in Table 2 is the period of AA Tau as reported by Vrba et al. (1989) . We find A A Tau to be one of the most erratic stars in our sample.
As a comprehensive test of our entire system, including the periodogram analysis, we use observations of the Cep- heid variable star BH Ophiuchi. BH Oph has a mean magnitude comparable to the targets discussed here and a period of 11.05 days. BH Oph is detected to vary with a dm =0.218, comparable to values for DF Tau, DR Tau, RW Aur, and much less than the value for DK Tau. The Scargle periodogram of BH Oph yields a period of 11.1 days with a false-alarm probability of 0.0014. Figure 3(a) shows the variations about the mean magnitude over time for BH Oph. The solid line is a sinusoid with a period of 11.1 days as determined by the periodogram. The sinusoid follows the periodicity very well, even after a 20-day break in the data. It is important to note the periodogram analysis is Simon et al. 1990 . c Bertout et al. 1988 .
effective regardless of the precise periodic function being tested. We have chosen a sinusoid for ease of representation. Figure 3(b) shows the variations in DF Tau and a sinusoid with period 7.9 days, corresponding to the periodogram analysis of DF Tau. The data from Julian Date 2448201, which are consistent with a flare on DF Tau, are not included in the search for periodicity. The sinusoid tracks the light curve sufficiently well to consider the reality of a 7.9-day stellar rotation period. However, because the false-alarm probability is about 0.10, such analysis should be undertaken cautiously. We choose to display DF Tau because its light curve appears the smoothest to the eye.
DISCUSSION
Our observations show we can easily monitor the variability in Τ Tau stars using the automated system. Automated observation programs such as ours will dramatically increase the amount of data available for determining the physical nature of the Τ Tau systems. Given that other observers have, at different times, detected periods for some of the targets we observed, it is interesting that we find no definite period which lasts for the approximately 35 days we were observing. Some light curves show smooth. 3-(a) demonstrates the ability of our system to track a known Cepheid variable star, BH Oph. BH Oph is of comparable magnitude to the Τ Tau star targets and has a period of 11.05 days. Our automated procedures recover a period of 11.1 days. The data are plotted in (a) along with a sinusoid of period 11.1 days, (b) shows the light curve for DF Tau along with a sinusoid fit to the 7.9-day period found by the periodogram. The data from Julian Date 2448201 is omitted from the periodogram analysis.
possibly periodic, behavior, but the periodograms do not conclusively detect any periods. CTTS occasionally demonstrate periodic behavior, but their behavior is known to change (Simon et al. 1990) . A longer data string, four or five months with reasonable sampling, would help explore this issue. Acquiring such data is possible with automatic telescopes. There already exist numerous photometric observations of Τ Tau stars available on a database compiled by Herbst (private communication). We have compared (J dm derived from the database with our values to determine if our observations are consistent with previous data. Before calculating a dm for the database, long-term (greater than one year) trends are removed by subtracting a polynomial fit to the data. Because the database contains observations from many different studies taken over a number of years, compared to our coverage of just over a month, we expect the database a dm to be larger. This would be untrue if our data monitor the target during a period of extreme fluctuations. Any systematic differences between the studies included in the database will further increase a dm . Indeed, the database G dm is consistently larger than our a dm (see Table 1 ). When we limit our comparisons to data from a single study, the database G dm measurements are comparable to our G dm measurements. The largest one-day fluctuation in brightness found within the database is also found to be larger than the largest one-day change in our data. The database shows AA Tau, DF Tau, DK Tau, and RW Aur all have a one-day change of over a magnitude. Our observations only detect such a large jump in DK Tau, and jumps of about 0.5 mag in A A Tau, DF Tau, and RW Aur. Thus it is apparent our data are reasonable given previous accounts of the behavior of these CTTS.
Several authors have published evidence for periods for stars we monitored (see Table 2 ). DF Tau was found by Bertout et al. ( 1988) to have a period of 8.5 days caused by a hot spot. Simon et al. ( 1990) found two periods from hot spots for BP Tau: 7.6 and 6.1 days. That paper suggests the star displayed three different behaviors. Initially, BP Tau showed evidence for a 7.6-day period, then no variation was found for the next 12 days, and finally the star developed a period of 6.1 days. As stated by the authors, if the periods are due to hot spots, the spots must form and disappear rapidly. Vrba et al. (1989) find rotational modulation on A A Tau not inconsistent with a hot spot having a period of 8.22 days. The uncertainty in the A A Tau spot determination is attributed to flares which affected the U and Β bands, critical to investigation of the spot properties. Conclusions that a CTTS is periodic or aperiodic seem to be a function of the time and duration of the observing campaign.
Looking through the light curves shown in Fig. 2 , three general types of variability can be seen: brief increases in brightness indicating flares, smooth changes suggestive of rotational modulation, and the erratic, aperiodic behavior commonly seen in CTTS. DQ Tau [ Fig. 2(c) ] is most likely undergoing flares during these observations. The light curve is usually constant with occasional increases in flux which quickly fall back to the constant level.
Some stars, notably DF Tau, show the smooth changes consistent with expectations of rotational modulation. Magnetic fields can produce cool spots, analogous to sunspots, by inhibiting energy transport through the convective layer below the photosphere. Cool spots have been identified on many weak emission-line Τ Tau stars (see Herbst 1989; ). Such spots typically evolve slowly over time scales of months, resulting in a smooth light curve repeated for several stellar periods. The light curve for DF Tau shows evolution, which could be interpreted as change in the period, a change in the amplitude, or a combination of both [see Fig. 3(b) ], explaining the false-alarm probability of about 0.10. Based on the large false-alarm probabilities and the previous reports of hot spots on CTTS, it is likely the periods we detect, 8.3, 7.9, and 9.0 days for BP Tau, DF Tau, and DR Tau, respectively, are related to hot spots rather than the more slowly evolving cool spots. With color information, we would be able to differentiate with certainty between hot and cool spots. As described in Bertout et al. (1988) for the case of DF Tau, hotspots may be the result of accretion along magnetic field lines when the Alfvén radius is larger than the stellar radius. The accreting material will flow along the magnetic field lines and release energy in shocks close to the photosphere. To produce a single hotspot, a large active region likely dominates the stellar accretion. As the spot rotates out of view, the brightness of the system decreases.
Since rotational modulation of single starspots is not responsible for the aperiodic variability seen in A A Tau, DG Tau, DK Tau, DQ Tau, Haro 6-37, and RW Aur, other mechanisms must be involved. As a natural extension of accretion along magnetic field lines found in hotspot models, we consider, qualitatively, the effects of variable accretion. Identifying the accretion region with the boundary layer modeled in Bertout et al. ( 1988) , it is reasonable to expect luminosity changes of a magnitude. If the accretion rate gradually increased over time, the brightness would gradually increase as well. Such a scenario may explain the gradual increase in luminosity seen in Haro 6-37 [ Fig. 2(g) ]. Small, erratic changes in brightness, as seen in DG Tau [ Fig. 2(b) ], could be caused by small changes in the accretion rate, as if the material being accreted were lumpy. Determining time scales for such brightness changes would then provide information regarding the lumpiness of the accreting material. Clearly, more information is needed to address this issue quantitatively.
The excess emission associated with accretion results in stellar veiling, suppression of photospheric absorption lines in the spectra. In the case of the continuum stars, such as DG Tau, the veiling totally overwhelms the underlying photospheric lines. Veiling changes on a short time scale, and the veiling luminosity can be greater than the intrinsic luminosity of the star (Basri and Batalha 1990) . It is reasonable to expect the veiling to correlate with the aperiodic variability we discuss here. We have examined this issue using the veiling data from Basri and Batalha, but do not find any apparent correlation. The data are unfortunately from many different epochs. Given the variable nature of Τ Tau stars, it would be necessary to have several days of concurrent spectral and photometric coverage for a more accurate study of veiling and photometric variations.
DK Tau merits special mention. DK Tau has the largest level of σ άηι and the greatest peak-to-peak variation (see Table 1 ). Examining the light curve of DK Tau [ Fig. 2(i) ] shows the brightness decreased dramatically on Julian Date 2448206. Although difficult to discern in Fig. 2(i) because of the scale, there are three images taken that night, and they all agree very well. We have examined these images, as well as the images from the previous and following nights and can find no reason to explain these data as instrumental or observational defects. Because the brightness decreases, the behavior is inconsistent with a stellar flare. According to the boundary layer model, the data can be explained by a dramatic reduction in accretion luminosity at that time. The consequence of this interpretation is that we are perhaps seeing just the stellar luminosity without any extra accretion on the day in question. Veiling measurements from the same epoch would provide a consistency check to this interpretation, illustrating again the importance of coordinated spectroscopy and photometry.
In an attempt to quantitatively describe the light curves, we have examined the nature of the day-to-day changes. By comparing the number of times the slope of the light curve changes sign, as happens when the flux stops increasing and begins decreasing or vice versa, with the number of nights observed, a quantitative measure (called SC) of the smoothness of the light curve is achieved. A change in brightness below the adopted observational error of 0.02 mag is considered no change. Stars which are predominantly constant or have smooth changes in flux will have a lower value of SC. Highly erratic light curves will be characterized by high values of SC. A major concern with SC is it treats evenly sampled and unevenly sampled data the same. If the time scale for fluctuations is short compared to the observing frequency, SC is meaningless because it would not accurately track the fluctuations. We believe our data are sufficiently sampled to avoid this problem. This analysis divides the targets into three groups (see Table 1 ) : BP Tau, DF Tau, and DQ Tau, have the lowest values of SC, the second group contains DR Tau, DK Tau, and Haro 6-37, and the most erratic stars are RW Aur, DG Tau, and AA Tau.
To summarize, we have demonstrated the feasibility of using small, automated telescopes equipped with CCDs, such as the system developed by the Berkeley Supernova Search Team, to monitor classical Τ Tau stars over long periods of time. The previous requirements of manpower for observing and reduction of data can be replaced by automated procedures making long-term campaigns readily available. We have shown the capability of detecting variations down to a three sigma level of 0.06 mag and believe we can improve our detection limit by future refinements of the data acquisition and processing. We detect variations in nine of ten targets in agreement with previous data available. Periodogram analysis of our data, demonstrated as accurate with a known Cepheid variable, sug-gests periodicity in three targets, BP Tau (8.3 days), DF Tau (7.9 days), and DR Tau (9.0 days), but does not conclusively determine periods in any targets. Based on previous reports of periods and the absence of periods, CTTS seem to experience occasional cycles of periodic behavior. This suggests the usefulness of long-term monitoring for further study of CTTS.
The nature of the aperiodic behavior is perhaps more interesting. We will continue our monitoring campaign and hope to detect a target in transition from the periodic to aperiodic cycle. Possible refinements to the photometry system include efforts to lower the systematic noise contributions and the addition of filters (currently used by the supernova search) to distinguish between hot and cool spots as the cause of rotational variation. In addition to the monitoring, a combination of photometry overlapping with spectroscopy would yield more information regarding the relationship between veiling, line emission, and brightness changes. With automated photometric determinations of brightness changes, it is now possible to pursue the questions regarding variability of young pre-main-sequence stars.
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